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ENDOVASCULAR AND SURGICAL TECHNIQUES 
Endovascular Abdominal Aortic Aneurysm Repair Induces Significant 
Alterations in Surface Adhesion Molecule Expression on Donor White 
Blood Cells Exposed to Patient Plasma 
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Objective: To determine the response of white blood cells in endovascular ortic aneurysm repair. 
Materials and methods: Seven patients treated with an endoluminaI procedure (AAA-E) and seven patients undergoing 
conventional surgery (AAA-C) were included (all males, aged 52-80 years). A panel of monoclonaI ntibodies against 
CD11a, CD11b, CDllc, CD18 and L-selectin was used. To determine the surface receptors on both circulating and 
sequestered white blood cells, plasma from the patients and cells from healthy donors were combined for flow-cytometry. 
Results: The expression ofCD11a adhesion molecules only showed slight variations regarding ranulocytes, but was 
more pronounced on monocytes, however, without significant differences between the two patient groups. CD11b, CD11c 
and CD18 molecules on both granulocytes and monocytes were significantly upregulated 60 rain after the endovascular 
procedure compared toconventional aneurysm repair, and L-selectin molecules were by this time correspondingly c eaved 
o7¢. 
Conclusion: Endovascular neurysm repair differed significantly from conventional aneurysm surgery with peak adhesion 
molecule xpression 60 rain after balloon deflation, probably caused by release of tumour necrosis factor-alpha 'TNF-cO. 
Key Words: Inflammatory esponse; Granulocytes; Monocytes; Vascular surgery. 
Introduction 
Endoluminal placement of stent-supported grafts to 
treat abdominal aortic aneurysms (AAA) has been 
proposed as a minimally invasive alternative to con- 
ventional AAA surgery. ~4 We have found that en- 
dovascular AAA repair frequently induces a systemic 
inflammatory response syndrome (SIRS) with tumour 
necrosis factor-alpha (TNF-~) release, while the sur- 
gical trauma response, as represented by interleukine- 
6 (IL-6)), was limited. 6,7 
Both TNF-~ and IL-6 are able to induce tissue injury 
either directly 8 or by alteration of surface adhesion 
molecules on white blood cells. 9 Two major families 
of cell surface adhesion molecules are the integrins 
and the selectins. The integrins each consist of one 
(CDl la (LFA-1), CDl lb  (Mac-l, Mo-1) or CD11c (p150, 
95)) and one 13 chain (CD18) non-covalently inked to 
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a heterodimer. They are mainly involved m promoting 
adhesion. 1°The selectins (L-, E- and P-selectin) are 
involved in the earliest phase of a cascade of 
events leading to leukocyte extravasation. L-selectin 
(LECAM-1, CD62L) is present on the surface of resting 
granulocytes and monocytes and is cleaved off when 
the cell is activated. 1~ These adhesive processes and 
extravasation of granulocytes and monocytes are es- 
sential to host defence and for repair and regeneration 
after injury. Exaggerated white blood cell adherence 
may also contribute to tissue damage, the result of a 
release of oxygen-derived free radicals, proteolytic 
enzymes, and metabolites of arachidonic acid. ~2 
The aim of the present study was to determine the 
magnitude of the effects of endovascular AAA repair 
on granulocyte and monocyte surface adhesion 
molecule expression. 
Materials and Methods 
Seven patients with a vascular morphology eligible 
for an endoluminal procedure (AAA-E) and seven 
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Table 1. Characteristics of patients treated for abdominal aortic 
aneurysm by endoluminal technique (AAA-E) or conventional 
surgery (AAA-C). 
AAA-E AAA-C 
Age (years) (median and range) 63 (52-72) 74 (69-80) 
Sex 
Male 7 7 
Female - - 
Clinical history 
Hypertension 2 5 
Myocardial  infarction 3 2 
Diabetes mell itus - - 
Chronic pu lmonary disease 2 2 
Cerebrovascular disease - 2 
Smoking habits 
Smoker 5 5 
Non-smoker 2 2 
patients undergoing conventional aortic aneurysm 
surgery (AAA-C) during the same time period were 
included. They were all men aged, 52-80 years. Demo- 
graphic data are presented in Table 1. Both surgical 
techniques were performed under general anaesthesia 
with the addition of an epidural block. In the en- 
dovascular group bilateral preparation of the femoral 
artery was performed in all cases but one. Six patients 
in the AAA-E group received an aortobiiliac graft 
and one patient an aortic tube graft (Stentor TM and 
Endopro TM systems, MinTec, La Ciotat, France). In 
the AAA-C group four aortobiiliac bypass procedures 
were performed and three patients received a tube 
graft (Woven Dacron, ULP ®, Intervascular, La Ciotat, 
France). All patients in the AAA-E group and two 
patients in the AAA-C group received 5000 IU heparin 
intravenously before balloon inflation and aortic 
clamping, respectively. Approval from the Ethics Com- 
mittee of Lund University and informed consent from 
the patients were obtained. 
Venous blood was collected in heparinised tubes. 
Samples were collected 1 day prior to surgery ("pre- 
operative"); immediately before balloon inflation or 
aortic clamping ("pre-clamp'); immediately after bal- 
loon deflation or declamping of the first distal leg 
("post-clamp"); 60 min, 24h, 48h and 3 days after 
balloon deflation or declamping ("post-clamp"). 
Samples were immediately centrifuged at 3000 rpm 
for 10 min. Separated plasma was directly stored in 
aliquots at - 80°C. A complete differential cell count 
was performed at each time of sampling. 
Monoclonal antibodies 
A panel of selected monoclonal antibodies was used 
to demonstrate surface adhesion molecule xpression 
on granulocytes and monocytes: fluorescein iso- 
thiocyanate (FITC)-conjugated monoclonal mouse 
anti-human CDlla / R-phycoerythrin (RPE)-con- 
jugated monoclonal mouse anti-human monocyte 
CD14; anti-CD11b-RPE/anti-CD14-FITC; anti-CD11c- 
FITC/anti-CD14-RPE; anti-CD18-FITC / anti-CD14- 
RPE (Dakopatts AB, Glostrup, Denmark); and anti- 
CD62L (L-Selectin) (Serotec Ltd., Oxford, U.K.)/rabbit 
anti-mouse IgG-FITC/anti-CD14-RPE (Dakopatts AB, 
Glostrup, Denmark). 
Cell preparations 
One hundred microlitres of anticoagulated blood was 
fixed directly in 100 I~l paraformaldehyde (PFA) 1% for 
10 min, washed in PBS and stained with 5 ~tl antibodies 
during 30 rain at 4°C. After staining, the red Blood 
cells were lysed for 10 min using FACS lysing solution. 
The samples were then centrifuged (1100 rpm, 5 min) 
and washed three times in PBS. The cells were re- 
suspended in 500 ~tl of PBS for cytometric analysis. 
From healthy donors, 20 ml of venous blood was 
drawn into heparinised 10 ml vacutainers. The mono- 
and polymorphonuclear cells were obtained by using 
a single step centrifugation procedure with a density 
gradient (Polymorphoprep TM, Nycomed AS, Oslo, 
Norway).13 The cell fraction was diluted by 0.45% NaC1 
solution in order to restore normal osmolarity. The cells 
were then washed three times in phosphate buffered 
saline (PBS, pH 7.2). The samples were then cen- 
trifugated and washed twice in PBS and resuspended 
to a final cell concentration of 1 x 10  6 cells/ml. 
Fifty microlitres of cell-suspension prepared from 
healthy donors (cell concentration 1x 106/ml) was 
added to 50 ~tl plasma from the patient and incubated 
for 30 min at 37°C. Thereafter, the samples were stained 
with 5 ~tl monoclonal antibodies for 30 rain at 4°C. 
The samples were centrifuged 1100 rpm for 5 min and 
washed three times in PBS. The cells were finally 
resuspended in 500 ~1 of PBS for flow cytometric ana- 
lyses. 
Flow cytometry 
Lymphocytes were excluded from analysis by gating. 
Granulocytes and monocytes were identified by flow 
cytometry using their morphological characteristics 
(forward vs. side scatter resolution; FS and SS re- 
spectively). To enhance positive discrimination be- 
tween granulocytes and monocytes, CD14 expression 
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was used for negative/positive s lection of granu- 
locytes vs. monocytes, respectively. Isotype controls 
matched for the fluorescent label used were de- 
termined and served as negative controls. Immuno- 
fluorescence analysis was performed on a Coulter 
Epics II (Coulter Electronics, Hialeah, FL, U.S.A.) at 
488 nm. TNF-~ was measured in plasma using a com- 
mercially ELISA (Innogenetics Inc., Antwerp, Bel- 
gium). 
Control experiments 
In order to elucidate whether any cross-reaction af- 
fecting adhesion molecule xpression occurred, plasma 
and cells from two individuals were combined. Blood 
was collected from six healthy donors. Plasma and 
purified whitg blood cells were obtained as described 
above. Fifty microlitres of plasma from one donor was 
incubated with 50 gl purified white blood cells from 
another donor and incubated for 30min at 37°C, 
stained for CD11a, CD11b, CD11c, CD18 and L-selectin, 
washed and resuspended for flow-cytometric analysis 
as described above. The same procedure was repeated 
three times using the plasma nd purified white blood 
cells of different donors. Furthermore, incubation of 
plasma with purified cells from the same donor was 
examined as described for different donors and re- 
peated three times as well. 
To demonstrate hat cytokines and bacterial endo- 
toxin are able to induce alterations in surface adhesion 
molecule xpression i this experimental setting, these 
agents were added to plasma. Therefore, 50 ~tl plasma 
and 50 gl purified healthy donor white blood cells 
(1 X 106 cells/ml) were incubated with 400 pg TNF-a/ 
ml (Sigma, St. Louis, MO, U.S.A.), 100pg IL-6/ml 
(Medgenix Diagnostics, High Wycombe, U.K.) and 
1 #g LPS/ml (Sigma, St. Louis, MO, U.S.A.) in a final 
concentration for 30 min at 37°C. For controls PBS was 
added to 50 gl plasma nd 50 ~tl purified healthy donor 
white blood cells. The cells were stained for CD11a, 
CD11b, CDllc, CD18 and L-selectin, washed and re- 
suspended for flow-cytometric analysis as described 
above. 
Statistics 
Comparison between results from the AAA-E and 
AAA-C groups were made with a non-parametric 
analysis (Mann-Whitney U-test). Data are presented 
as mean (± S.E.M.). 
Table 2. Surgical data of patients treated for abdominal aortic 
aneurysm by endoluminal technique (AAA-E) or conventional 
surgery (AAA-C). 
AAA-E AAA-C 
Mean (s.~.M.) Mean (s.~.M.) 
Aneurysm diameter (mm) 46 (3.2) 62 (6)* 
Duration surgery (min) 198 (32) 218 (13) 
Cross clamping aorta (min) - -  67 (6){ 
Blood loss (ml) 200 (54) 1983 (478){ 
Infusion volume (ml) 2521 (449) 5386 (665)t 
Blood administered (ml) -- 357 (203) 
* p<0.05 
~- p<0.005 
{ p<0.0005 
Results 
Surgical data are presented in Table 2. The blood 
loss was significantly higher in the AAA-C group 
(p<0.0005) compared to the AAA-E group. Blood trans- 
fusion was given in three out of seven patients in the 
AAA-C group and significantly more infusions were 
given to this group (p<0.005). The insertion of the 
endovascular introducer into the aorta and man- 
oeuvers unrelated to any balloon occlusion of the 
vessel caused a sudden blood pressure drop from a 
mean of 109 mmHg down to 68 mmHg in six out of 
seven patients in the AAA-E group (range 90-130 to 
58-79 mmHg). In the majority, peripheral vasodilation 
was noted. No other peroperative complications ap- 
peared in any patient. Signs of microembolisation 
appeared postoperatively in one patient, who rapidly 
improved, however. 
Granulocytes and monocytes decreased significantly 
(p<0.0005) 60 min "post-clamp" in the AAA-E group 
compared to the AAA-C group (Fig. 1). Moreover, 
monocytes could not be detected in the blood samples 
in four out of seven AAA-E patients at this time-point. 
Control experiments 
To determine the expression of CD11a, CD11b, CD11c, 
CD18 and L-selectin receptors on granulocytes and 
monocytes, the cell preparation method with PFA 
fixation was used. Venous blood samples were there- 
fore collected uring the same time-intervals as de- 
scribed above in eight patients, four in each group. 
The results (data not shown) demonstrated only slight 
variations in surface adhesion molecule expression 
on both granulocytes and monocytes, reflecting the 
circulating non-activated white blood cells. 
The elucidation for any cross-reaction between 
plasma and cells from two individuals howed no 
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Fig. 1. Percentage granulocytes (a) and monocytes (b) preoperatively, during surgery and postoperatively. The horizontal ines indicate 
the normal range. "Pre-clamp" means immediately before balloon inflation or aortic clamping; "post-clamp" means immediately after 
balloon deflation or declamping. Data are presented as mean + S.E.M. *p<0.05 and ***" p<0.0005. (©) AAA-C (n = 7); (0 )  AAA-E (n = 7). 
differences in surface adhesion molecule expression 
either on granulocytes or on monocytes (data not 
shown). Therefore, for the purposes of this study, 
cross-reactions between donors can be considered in- 
significant. The cytokines (TNF-cz and IL-6) and bac- 
terial endotoxin induced significant alterations in 
surface adhesion molecule expression' on both 
granulocytes (Fig. 2a) and monocytes (Fig. 2b) com- 
pared to controls. 
Adhesion molecules 
A slight upregulation ofthe CDlla adhesion molecules 
on granulocytes was recorded with plasma from all 
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Fig. 2. Relative values of surface adhesion molecule expression on granulocytes (a) and monocytes (b) after incubation with TNF-a, IL- 
6 and LPS for 30 min at 37°C as compared to controls. Data are presented as percentage (%)+ S.~.M. ([]) TNF-:z (n = 5); ([7) LPS (n = 5); 
( i )  IL-6 (n=5). 
patients (Fig. 3a). On monocytes a more pronounced 
expression was observed. A significant increase was 
seen from preoperative values to the time of "pre- 
clamp". A downregulation was recorded within 24 h 
(Fig. 3b). No differences were demonstrated between 
the two patient groups. 
The CD11b adhesion molecules on granulocytes 
were increased with plasma from both groups in the 
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Fig. 3. Time-course of CD11a adhesion molecule expression induced by patient plasma given as mean channel fluorescence (MCF) on 
granulocytes (a) and monocytes (b). "Pre-clamp" means immediately before balloon inflation or aortic clamping; "post-clamp" means 
immediately after balloon deflation or declamping. Data are presented as mean + S.E.M. (©) AAA-C (n = 7); (O) AAA-E (n = 7). 
preoperative to "pre-clamp" interval and remained 
stable during "pre-clamp" to "post-clamp". Sixty min- 
utes later a significant increase was observed in the 
AAA-E group, whereas a slight downregulation was 
demonstrated in the AAA-C group (Fig. 4a). In the 
AAA-E group preoperative l vels were reached at 
24 h postoperatively. There was a significant difference 
(p<0.0005) between the groups at 60 rain "post-clamp". 
The CD11b adhesion molecules on monocytes were 
upregulated by plasma taken at "pre-clamp" in both 
groups. In the AAA-C group the receptor level was 
stable up to 60 min "post-clamp", whereas a further 
increase was recorded in the AAA-E group. The high- 
est values were reached 60 min "post-clamp" (Fig. 4b). 
The AAA-E group differed significantly (p<0.05) from 
the AAA-C group in this time-interval. Thereafter, a 
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Fig. 4. Time-course of plasma induced CD11b adhesion molecule xpression given as mean channel fluorescence (MCF) on granulocytes 
(a) and monocytes (b). "Pre-clamp" means plasma samples taken immediately before balloon inflation or aortic clamping and "post- 
clamp" immediately after balloon deflation or declamping. A similar pattern was found for CD18 receptors. Data are presented as 
mean + S.E.M. *p<0.05 and ** *p<0.005. (©) AAA-C (n = 7); (•)AAA-E (n = 7). 
rapid downregulation was registered to preoperative 
levels in both groups. 
The p lasma- induced expression of CD11c adhesion 
molecules on granulocytes was similar to CD11b, but 
with a lower mean expression (Fig. 5a). With plasma 
drawn "post-c lamp" a significantly higher expression 
(p<0.05) was noticed in the AAA-E group compared 
to the AAA-C group, recording the highest level at 
60 min "post-clamp". In the AAA-E group the CD11c 
expression on monocytes  (Fig. 5b) was more pro- 
nounced at "pre-c lamp" compared to the AAA-C  
group and increased further, with the highest ex- 
pression 60 min "post-c lamp".  A significant difference 
compared to the AAA-C  group was noticed (p<0.005). 
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Fig. 5. Time-course of CD11c adhesion molecule xpression caused by patient plasma given as mean channel fluorescence (MCF) on 
granulocytes (a) and monocytes (b). "Pre-clamp" means plasma immediately before balloon inflation or aortic clamping and "post- 
clamp" immediately after balloon deflation or declamping. Data are presented as mean + s.mM. *p<0.05, **p<0.005 and ***p<0.005. (O) 
AAA-C (n=7); (O)AAA-E (n=7). 
CD18 molecule expression induced by plasma was 
similar to that of CD l lb  on both granulocytes and 
monocytes  for both groups (data not shown). 
L-selectin molecules were shed f rom the granu- 
locytes in both groups when "pre-c lamp" p lasma was 
used. The most  p ronounced effect was observed 60 min 
"post-c lamp" in the AAA-E group (p<0.0005) (Fig. 6a). 
The L-selectin receptors were restored in both groups 
within 24h  after surgery. In the AAA-E  group an 
increased number  of L-selectin receptors on mono-  
cytes was observed f rom "pre-c lamp" to 24 h after 
surgery compared to preoperat ive levels (Fig. 6b). 
Eur J Vasc Endovasc Surg Vol 14, July 1997 
56 P. Swartbol et al. 
K 
h~ 
& 
N 
2.5 (a) 
2 
1.5 
! 
0.5 
0 
© 
I I I I I 
o ~ 
K 
o 
~h 
1.8 
1.6 
1.4 
1.2 
1 
0.8 
0.6 
0.4 -  
0.2 
0 
(b) ** 
2 ± " 
L I [ E [ 
Fig. 6. Time-course of plasma induced change in L-selectin adhesion molecule xpression given as mean channel fluorescence (MCF) 
on granulocytes (a) and monocytes (b). "Pre-clamp" means plasma obtained immediately before balloon inflation or aortic clamping 
and "post-clamp" immediately after balloon deflation or declamping. On granulocytes the surface molecules are cleaved off indicating 
cellular activation. Data are presented as mean± S.~.M. *p<0.05, **p<0.005 and ***p<0.005. (©)AAA-C (n = 7); (O)AAA-E (n = 7). 
Significant differences between the groups  were 
found wi th  p lasma at "pre -c lamp"  (p<0.005), "post-  
c lamp"  (p<0.005) and also 3 days postoperat ively.  
Circulat ing TNF-~ was  only detected in pat ients 
who underwent  an endovascu lar  procedure.  The high- 
est TNF-~ values were observed 60 min  "post -c lamp"  
(Fig. 7). Within 48 h, TNF-~ levels were no longer 
detected. 
Discussion 
Act ivated white b lood cells are known to marginate 
and sequester in the lung and tissues. 14"15 Therefore 
circulating white b lood cells may be less representat ive 
for studies on changes in surface adhesion molecule 
expression. In the present  s tudy  there was  evidence for 
cell migrat ion to the tissues regard ing the signif icant 
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Fig. 7. Time course of TNF-ct release inpatients undergoing endovascular aortic aneurysm repair (non-linear time-scale). No systemically 
detected TNF-~ levels were found in the AAA-C group. "Pre-clamp" means immediately before balloon inflation or aortic lamping; 
"post-clamp" means immediately after balloon deflation or declamping. Data are presented asmean_+ s.~.M. *p<0.05 and **p<0.005. (O) 
AAA-C (n=7); (Q) AAA-E (n=7). 
decrease of granulocytes and the almost otal absence 
of monocytes 60 min after balloon deflation in the 
patients who underwent endovascular aneurysm re- 
pair. 6 In the few patients from whom circulating white 
blood cells were collected and analysed, no significant 
change from the baseline expression was observed 
in any of the two groups. To measure the receptor 
expression, both marginated cells and cells in the 
circulation should be collected. However, marginated 
and sequestered cells are not easily accessible. We 
therefore modified an established method to determine 
surface adhesion molecule expression to reflect in- 
directly the expression of surface receptors on both 
populations of white blood cells in vivo. 
Evidence for the relevance of this modified method 
was given by two control experiments. Firstly, no 
significant cross-reactions occured when plasma and 
cells from two individuals were combined (data not 
shown) and secondly, agents like TNF-~, IL-6 and LPS 
added to normal plasma in vitro were demonstrated 
to greatly increase the adhesion receptors on both 
healthy donor granulocytes and monocytes (Fig: i). 
Whether alterations in surface receptor expression re- 
flect the marginated and sequestered cells in vivo, 
however, has not been proven, but seems a reasonable 
assumption. 
Healthy donor cells were used instead of purified 
white blood cells from the patient for two reasons. 
Firstly, cells from the patient, not marginated or se- 
questered, are probably less sensitive to activation. 
When cells migrate to the tissues, compensation mech- 
anisms are triggered by release of newly-formed white 
blood cells from the bone-marrow. It has been sug- 
gested that immature white blood cells are not as 
functionally active as more mature cells} 6 Secondly, 
the white blood cells have to be purified and used 
immediately after drawing, which is impossible in a 
clinical study of this kind. 
There may be several reasons for the significant 
alteration of cell surface receptors in the endovascular 
group. An activation by TNF-~ seems the most likely 
explanation. High plasma TNF-~ levels were only 
found in patients who underwent endovascular AAA 
repair 6; (Fig. 7). The release was transient, the en- 
hancing effect peaking between "post-balloon de- 
flation" and 6h postoperatively, and returning to 
baseline levels by 48h postoperatively, which cor- 
responded to the time-frame for surface adhesion 
molecule xpression. Secondly, complement fragments 
such as C5a and C3a are known to upregulate adhesion 
molecules on white blood cells; m18 however, during 
endovascular aneurysm repair no increased levels of 
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C5a were observed within 7 days after the procedure. 
On the contrary, in patients undergoing conventional 
aneurysm surgery increased C5a levels were found, 
with the highest values 3 days postoperatively. In the 
present study no concomitant increase in the number 
of cell surface receptors was observed. This probably 
means that complement fragments are not involved in 
the mechanism to alter the surface adhesion molecules 
during aneurysm surgery of the aorta. Thirdly, bac- 
terial growth has been reported 19 from the thrombotic 
content of aortic aneurysms. During endovascular p o- 
cedures this content is left intact, and manipulation 
within this material with a large introducer may cause 
microembolisation a d, hypothetically, bacterial endo- 
toxin release. No endotoxin measurements were per- 
formed, and only sporadic bacterial cultures were 
taken, of which none showed any bacterial growth, 
which makes conclusions difficult. The clinical picture 
did not resemble a bacterial septicaemia. Fourthly, 
bi0materials have been shown to alter the expression 
of receptor molecules on white blood cells in vitro. I7"2° 
The graft-supported stent used in the present study 
consists of several materials including woven poly- 
ester, platinum, metallic wires (nitinol) and polyester 
sutures. Preliminary experiments regarding in- 
flammatory responses (surface adhesion molecule x- 
pression), however, suggests that the materials used 
are inert..~Finally, mechanical stimulation like surgery 
itself might activate white blood cells. This might 
mean that in patients who underwent conventional 
aneurysm repair, the alterations in surface receptor 
expression was mainly induced by the surgical trauma 
alone. 
A primary function of the integrin adhesion 
molecules is the facilitation of leukocyte-endothelium 
binding through their interaction with endothelial lig- 
ands such as intercellular adhesion molecule-1 (ICAM- 
1). This interaction is a critical step in the leukocyte 
response to inflammatory stimuli that can ultimately 
result in the destruction of pathogens or tissue damage, 
the most sensitive organ being the lung.  2L22 Although 
there have been some reports of clinical side effects, 2~25 
among the seven patients who underwent en- 
dovascular aneurysm repair no serious pulmonary 
complications were observed. The question arises 
whether the short time response of activated white 
blood cells which was achieved could predict any in 
vivo effect. This leads to the question of whether it 
would be of value to limit the leukocyte-endothelium 
binding, which might be possible using monoclonal 
antibodies to the CD11/CD18 complexes. 21'26 Likewise, 
many septicaemia-induced lung injuries may be modi- 
fied by the use of anti-oxidants and prostaglandins. 27 
In conclusion, with this modified method to deter- 
mine the surface adhesion molecule expression on 
white blood cells, providing an indirect measure of 
expression on both circulating and sequestered white 
blood cells, endovascular neurysm repair was found 
to alter quite significantly the adhesion molecule ex- 
pression on white blood cells. This was probably 
caused by TNF-~ release. Although activated white 
blood cells might give rise to tissue injuries, no cor- 
relation between the white blood cell response and 
postoperative clinical symptoms were found. Cell 
activation by manipulation i the aneurysmal sac caus- 
ing microembolisation might also be an explanation. 
Further studies of the aneurysmal content and its role 
in the inflammatory and immunological responses 
when left intact during endoluminal procedures are 
required. 
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